ABSTRACT We have implemented continuous-wave two-photon excitation of near-UV absorbing fluorophores in a scanning near-field optical microscope (SNOM). The 647-nm emission of an Ar-Kr mixed gas laser was used to excite the UV-absorbing DNA dyes DAPI, the bisbenzimidazole Hoechst 33342, and ethidium bromide in a shared aperture SNOM with uncoated fiber tips. Polytene chromosomes of Drosophila melanogaster and the nuclei of 3T3 Balb/c cells labeled with these dyes were readily imaged. The fluorescence intensity showed the expected nonlinear (second order) dependence on the excitation power in the range of 8 -180 mW. We measured the fluorescence intensity as a function of the tip-sample displacement in the direction normal to the sample surface in the single-and two-photon excitation modes (SPE, TPE). The fluorescence intensity decayed faster in TPE than in SPE.
INTRODUCTION
Fluorescent dyes are used extensively in the biomedical sciences because of the sensitivity and selectivity they provide in identifying cellular constituents. Probes can be attached to molecules or specific cell organelles both in vivo and in fixed samples by numerous techniques (Haugland, 1996) , including the expression of luminescent proteins fused to targets of interest (see, for example, Gerdes and Kaether, 1996) . Using fluorescence spectroscopy and microscopy techniques, it has been possible to detect dyes down to the single-molecule level, thereby mapping the distribution and functional status of macromolecules and other components mediating cellular processes.
The DNA probe 4Ј,6-diamidino-2-phenylindole (DAPI) exhibits a ϳ20-fold increase in fluorescence quantum yield upon binding to AT sequences in double-stranded DNA (Barcellona et al., 1990; Kapuscinski, 1995) . A similar effect is exhibited by the bisbenzimidazole class of dyes, including Hoechst 33342 (BBI-342), which is taken up by living cells (Arndt-Jovin and Jovin, 1977) . Probes not only enable the visualization of their target molecules, but also often reflect their environment via characteristic spectral or other photophysical changes, thus reporting on conditions such as acidity, polarity of the solvent, and the presence of specific ligands.
The excitation spectrum of biologically relevant dyes extends from the near-UV to the near-IR. However, dyes with absorption maxima in the UV (or near-UV), including DAPI and BBI-342, present problems for laser scanning microscopy. High-energy UV light is generally scattered and absorbed strongly by biological tissue, creating a deterioration of image quality and inducing photodamage of living cells. Other major problems include the lack of inexpensive UV laser sources and the difficulty of producing UV-transmissive optics and objectives suitable for highresolution imaging.
One solution to these problems is to use a process predicted in 1931 by Maria Göppert-Mayer: two-photon excitation (TPE), in which a molecule simultaneously absorbs two photons in a single quantum event. The combined energy of the two photons allows the use of irradiation in the visible (red) spectrum to excite UV dyes. The emission induced by this nonlinear excitation process is indistinguishable from the characteristic fluorescence in singlephoton excitation (SPE) (Curley et al., 1992; Xu and Webb, 1996) . TPE-based fluorescence microscopy has found widespread use since its introduction in 1990 (Denk et al., 1990 (Denk et al., , 1995 Bennett et al., 1996; König et al., 1996; Potter et al., 1996; Summers et al., 1996; Köhler et al., 1997; Masters et al., 1997; Svoboda et al., 1997) . In addition to circumventing the technological problems of UV excitation in the microscope, TPE achieves 3D resolution without confocal (pinhole) detection, and at the same time suppresses photobleaching and the generation of fluorescence background outside the focal plane. These circumstances reflect the quadratic dependence of the excitation, restricting the probe volume to a small region around the focus.
A further consequence of the second-order nonlinearity of TPE is that the emitted mean fluorescence is proportional to the time-averaged square of the excitation intensity I. For continuous wave (cw) lasers this quantity is equal to the square of the average intensity. For an ideal laser source with square pulses of length and a repetition frequency f, one obtains an additional factor of 1/(f ) (Hänninen et al., 1994) . For example, a typical femtosecond Ti:sapphire laser system ( ϭ 250 fs, f ϭ 80 MHz) provides a boost factor of 5 ϫ 10 4 . This feature has led to the general use of femtosecond pulsed laser systems for TPE laser scanning microscopy (Denk et al., 1990; Curley et al., 1992; Wokosin et al., 1996) .
In pulsed-TPE microscopy, saturation, bleaching, heating, optical trapping, and nonlinear optical effects arising from the high peak powers limit the average intensity in practice to a few milliwatts. However, TPE-laser scanning microscopy can also be implemented with cw lasers, which are in general cheaper and more readily available than femtosecond pulsed devices (Hänninen et al., 1994; Booth and Hell, 1998) . To achieve signal levels similar to those attained with pulsed lasers, the time-averaged cw intensity has to be increased over the average intensity in the pulsed case by the factor ͌ 1/(f ), leading to an average excitation intensity of several hundred milliwatts, which can be delivered easily by many cw-laser systems. The peak power is decreased by the same factor, thus shifting the potential limitations of the TPE technique from nonlinear to linear phenomena (Schönle and Hell, 1998) .
In this contribution we report the use of cw-TPE in scanning near-field optical microscopy (SNOM). Near-field optical microscopes achieve their resolution by detecting the optical interaction between a nanometer-sized probe and the sample surface (Paesler and van Hulst, 1995) . In most current SNOM designs, optical fibers are used to optically couple the interaction region to a light source (laser) and/or a detector. In addition to the usual problems with UV excitation mentioned above, optical fibers have a strong UV-excited autofluorescence that obscures the weak signals originating from the interaction region. Therefore, TPE offers major advantages for SNOM, particularly in the shared aperture mode of operation.
The experimental setup and techniques are presented in the next section, followed by images of various samples demonstrating the capabilities of the microscope. Power curves confirmed the nonlinear character of the excitation. In addition, the anticipated superior confinement of the TPE excitation in the SNOM, similar to that achieved in far-field TPE laser scanning microscopy, was established by recording z scans.
MATERIALS AND METHODS

Dyes
DAPI was purchased from Serva (Heidelberg, Germany), ethidium bromide (EtBr) from Sigma (Deisenhofen, Germany), Hoechst 33342 (BBI-342) from Calbiochem (Bad Soden, Germany), and TO-PRO-3 from Molecular Probes (Leiden, the Netherlands).
Polytene chromosomes
Polytene chromosome squashes were prepared from third-instar larvae salivary glands of Drosophila melanogaster according to an established protocol (Ashburner, 1989) . The squashed chromosomes were washed in 100% ethanol and exchanged into phosphate-buffered saline (PBS) through an ethanol series (10 min each). Chromosomes were stained for 15 min at room temperature with 2 M DAPI, 5 M BBI-342, 10 M EtBr, or 2 M TO-PRO-3 in PBS. After they were rinsed twice with PBS, they were exchanged into ethanol through a gradient series, air dried, and stored in a desiccator. In some cases the chromosomes were kept hydrated after staining, and the samples were measured in the presence of a water film.
Cell samples
Mouse fibroblast cells (3T3 Balb/c) were grown on glass coverslips (12 mm) in Dulbecco's modified Eagle medium (all materials from Life Technologies, Eggenstein, Germany) containing 10% fetal calf serum. The coverslips were rinsed twice with cold PBS to remove the culture medium and fixed in MeOH at Ϫ20°C. The cells were rehydrated through a methanol series with PBS and permeabilized with 0.1% Triton X-100 in PBS for 5 min, followed by washing in PBS. They were incubated in 20 M BBI-342 in PBS for 15 min at room temperature. Coverslips were rinsed twice with PBS and dehydrated through an ethanol series, air dried, and stored in a desiccator.
SNOM
Our SNOM uses uncoated fiber tips for both excitation and detection of the fluorescence (shared aperture mode; Courjon et al., 1990; Bielefeldt et al., 1994; Kirsch et al., 1996) . The tips were produced with a commercial pipette puller (P-2000; Sutter Instruments, Novato, CA) from a 9-m core diameter optical fiber (SMF 1528 CPC6; Siecor, Neustadt, Germany) and mounted in a shear-force sensor head developed in our laboratory for use with a commercial NanoScope IIIa SPM system (Digital Instruments, Santa Barbara, CA) (Kirsch et al., 1997 (Kirsch et al., , 1998 . A conservative estimate of the resolution of the fiber probes used in this study was ϳ150 nm. When used to image 120-nm-diameter spherical fluorescent beads, the tips yielded apparent diameters of ϳ220 nm. The samples were scanned beneath the fiber tip in constant shear-force mode. Standard planefit and flattening corrections were applied to the data with the NanoScope software.
The 647-nm line of a Performa Ar-Kr mixed gas laser (Spectra Physics, Mountain View, CA) was long-pass filtered with an RG630 glass filter (Jenaer Glaswerk Schott and Gen., Mainz, Germany) and stabilized with an LS-PRO HP noise eater (Cambridge Research and Instrumentation, Cambridge, MA). The laser intensity was determined by the set point of the feedback loop of the LS-PRO noise eater. This set point can be externally controlled, and the output ranged from 8% to 78% of the input laser intensity. For SPE of TO-PRO-3 fluorescence, an additional 630DF30 excitation filter (Omega Optical, Brattleboro, VT) was used. The excitation light either passed through a dichroic mirror (505 DRLP; Omega) or was reflected by a beam splitter (Spindler and Hoyer, Göttingen, Germany) in the TPE and SPE modes, respectively. The dichroic was a standard filter for fluorescence microscopy, used in TPE in a slightly different geometry because the fluorescence is at a shorter wavelength than the excitation (Fig.  1 a) . Particular attention was paid to the position of the reflective surface of the dichroic. For SPE the reflective surface faced the light source, whereas for TPE it faced the detector, thus avoiding the necessity of passing emission twice through the substrate material of the dichroic mirror. The excitation light was coupled to the 9-m fiber bearing the sensing tip on the far end, and fluorescence collected by this probe either was reflected by (TPE mode) or traversed (SPE mode) the dichroic mirror. Residual excitation light was removed by a suitable combination of detection filters: IF 395-547 and BG39 combined with an SWP490 or SWP560 (TPE), or 700 EFLP (SPE). The sources of these filters were Delta Light and Optics (Lyngby, Denmark) for SWP490, SWP560, Schott for IF 395-547 and BG39, and Omega for 700 EFLP. The fluorescence was detected by a single photon-counting avalanche photodiode (SPCM-AQ131; EG&G Optoelectronics, Vaudreuil, Quebec, Canada). For imaging, the TTL pulses generated by the APD were recorded by the pulse counting board of the NanoScope electronics.
Fluorescence-power curves were measured by automatically ramping the laser intensity up and down with the noise eater and simultaneously recording the fluorescence intensity detected by the APD with an external photon counter (SR400; Stanford Research Systems, Sunnyvale, CA). The noise eater was under computer control via the auxiliary ADCs and DACs of the lock-in amplifier used for shear-force detection (SR830; Stanford Research Systems). The fluorescence-power curves for the stained samples were recorded with the tip in shear-force feedback and zero scan size.
z scans were performed by bringing the tip from ϳ3 m above the sample surface into feedback control while recording the fluorescence. The z axis of the scan piezo was calibrated in a separate measurement against a piezo system with capacitive sensors and closed-loop position control (P-730.20; Physik Instrumente, Waldbronn, Germany). The calibrated piezo was coupled to the z axis of the scan piezo by phase-locking to an interferometer, formed by an Al mirror as the sample and the end face of a fiber mounted on the calibrated piezo (Fig. 1 b) .
All measurements were performed under ambient conditions (relative humidity 45-60%, 18 -24°C).
Data fitting procedures
Fluorescence-excitation intensity curves
Each experiment produced a number m (generally 10 -40) of sweeps with increasing and decreasing illumination. During each sweep n points (generally 100 -250) were collected by single photon counting. The analysis takes into account the fact that bleaching reduces the intensity of the fluorescence response in sequential sweeps. Because of the high noise level of the individual measurements, the m points (from m sweeps) for a given illumination level did not allow a determination of the bleaching factor. However, as the relative bleaching was presumed to be the same for all n points, we fit the data simultaneously; i.e., for each of the n points we determined the error from F n ϭ F 0,n ⅐ exp(Ϫi/) for sweeps i ϭ 0, . . . , m Ϫ 1. These errors were summed over all of the points and minimized against . The resulting F 0,n were then used as measured values for the n points, which were then fit either by the power function (Eq. 1) or by the second-order polynomial (Eq. 2; see Results and Discussion).
Fluorescence-distance curves
Each experiment produced a number of approach curves with decreasing distance between probe and sample surface. In each approach curve n points (generally 160 -400) were collected by single-photon counting. As before, bleaching reduced the fluorescence intensity in successive approaches. Assuming a constant distance dependence, all curves were fit simultaneously to a double-exponential function with global decay lengths (Eq. 3; Results and Discussion).
RESULTS AND DISCUSSION
cw-TPE imaging
The topography and simultaneously recorded cw-TPE fluorescence from a sample of DAPI stained polytene chromosomes of Drosophila melanogaster are shown in Fig. 2 . The topographic images (Fig. 2, a and c) reveal that the DNA was surrounded by the remains of the salivary gland after squashing. These structures were absent from the fluorescence images (Fig. 2, b and d) because the enhancement of DAPI fluorescence only occurs when the dye is bound to double-stranded DNA. The chromosomes were ϳ50 -270 nm in height, and cellular debris was in the range of ϳ150 nm. In general, the height variations along the longitudinal axis of the chromosome were similar to the fluorescence banding patterns, which is as expected, because height (mass) and total DNA content should be correlated. The topography and fluorescence of the region marked in Fig. 2 , a and b, were recorded at higher magnification (Fig. 2, c and  d) . In the topography image, the material surrounding the chromosome exhibited many protrusions, the smallest having a width of ϳ150 nm. At this high resolution, the banding pattern of the chromosome showed differences between the topography and fluorescence images (white arrows in Fig. 2, c and d ; note that the bands have similar heights but exhibit dramatically different fluorescence intensity), as is expected from the preference of the dye for AT tracks. In addition, chromatin fibers could be clearly seen along the chromosome axis in the interband region (black arrows in Fig. 2 d) . From the average cross section (inset of Fig. 2 d) taken from the indicated rectangle, a width of ϳ360 nm for the brightest fiber was determined.
In images of cw-TPE fluorescence and shear-force topography, some bands showed inverted signals from the two contrast mechanisms, as demonstrated in Fig. 3 , which depicts chromosome samples stained with DAPI. Most structures in these images were in register, with the exception of the band marked by the arrow in the lower left corner. In this case a higher band in the topography corresponded to a pronounced decrease in fluorescence intensity, as is seen more clearly in the line traces in Fig. 3 c, which FIGURE 1 Optical configurations in TPE and SPE SNOM. (a) Optical setup for the use of a standard long-pass dichroic (DC) for single-and two-photon excitation SNOM. EX, excitation filter; EM, emission filter; APD, avalanche photo diode. SPE refl and TPE refl indicate the positions of the reflective side of the dichroic for SPE and TPE, respectively. SPE coupler and TPE coupler, beam-to-fiber coupler used for SPE and TPE, respectively. (b) Setup of the interferometer used to couple the calibrated piezo system (PS) to the scan piezo for calibration. PD, photo diode for detection of the interference.
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were taken along the dashed lines in Fig. 3 , a and b. The band with the inverted contrast is in the shaded region denoted I. The inversion was not caused by an offset between the optical and the topographical probes, as seen from the structures in the shaded region (II) that were in register. These images demonstrate clearly the different modes of contrast generation in stained polytene chromosomes. Whereas the fluorescence of DAPI originates preferentially from AT-rich regions, the topography depends only on the local mass density of chromatin and colocalized material independent of its composition. This consideration is essential in forming comparisons between band patterns obtained by optical and mechanical interactions. Structures within dried cells can also be imaged with cw-TPE fluorescence (Fig. 4, a and b) . The DNA in the nucleus of fixed and dried 3T3 Balb/c cells was labeled with BBI-342. Because of the drying process the membranes collapsed and the nucleus became the dominant feature in both topographical and fluorescence images. The nucleoli were the highest features in the topography image, protruding ϳ220 -300 nm above the mean surface of the nucleus, as seen previously in SFM images of similar material (Pietrasanta et al., 1994) . The diameters were in the range of 2-12 m. The fluorescence image, however, showed intensities uncorrelated to the topological signal. In these mouse cells BBI-342 stains predominantly the AT-rich centromeres within the nucleus, which are seen clustered around and over the nucleoli. However, the centromeres do not have more mass than the surrounding chromatin and thus were not distinguishable in the topological image. None of the cytoplasmic material around the nucleus that was clearly evident in the topological image fluoresced.
To assess the limits for TPE-SNOM imaging, we repeatedly scanned samples with increasing excitation intensity. The samples suddenly lost topographical contrast, and extremely bright streaks in the fluorescence channel appeared without any resemblance to the previously acquired fluorescence images. These observations corresponded to the physical depletion of the sample in the scan area. When the measurement was terminated at the first signs of degradation of the sample, stable topographical images could be restored only by drastically reducing the excitation intensity. However, the corresponding TPE fluorescence was no longer detectable. Sample degradation was independent of sample type and of the nature of the near-UV fluorophore.
As long as the samples lacked strong single-photon absorption at the excitation wavelength of 647 nm, we generally found no correlation between sample stability and the presence of a hydrating film or of the UV-absorbing dye. Our observations suggest that the degradation was not caused primarily by thermal effects, but rather was derived from chemical processes such as the creation of free radi- cals. We attempted dual-mode (SPE and TPE) imaging with samples doubly labeled with a near-UV absorbing fluorophore and TO-PRO-3, which has a peak absorption at 642 nm. SPE imaging was routinely achieved, but these specimens were too sensitive for TPE imaging, likely because of thermal effects from single photon absorption at high light levels and chemical damage such as photocleavage of the DNA under the intense illumination (Åkerman and Tuite, 1996) .
In contrast to dried cells, SNOM imaging of live cells is considerably more challenging. Although far-field cw-TPE imaging of living cells in a confocal microscope has been readily demonstrated (Hell et al., manuscript submitted for publication), the shear-force feedback system in our cw-TPE SNOM has yet to be adapted for operation in solution. We note, however, that the mechanism has been demonstrated to function under water (Moyer and Kammer, 1996; Brunner et al., 1997; Mertesdorf et al., 1997; Gheber et al., 1998; Lambelet et al., 1998) . The scan speed of the SNOM would have to be increased to minimize disturbances originating from the movements of living cells. Finally, the characteristics of the optical probe have to be modified for operation in liquid, inasmuch as the light confinement effect strongly depends on the refractive index difference between the glass of the fiber and the surrounding medium. This difference is much larger for the glass-air than for the glass-water interface.
Excitation-power/fluorescence intensity curves
The dependence of the fluorescence intensity on the excitation power is shown in Fig. 5 . In Fig. 5, a, b , and c, the fiber tip was in shear-force contact with polytene chromosome samples labeled with DAPI, BBI-342, and EtBr, respectively. For comparison, Fig. 5 d shows the same experiment for a bare uncoated fiber tip. The power curves were fit to the function
where I is the excitation intensity, d is the amplitude, e is the order of the excitation, and f is the dark count rate of the detector and experiment independent light. For linear relationships, as in conventional SPE, e should be 1, whereas for a pure two-photon absorption process the exponent should be 2. This functional dependence (Eq. 1) has been used in many other reports of TPE (Denk et al., 1990; Curley et al., 1992; Xu and Webb, 1996) . We summarize the parameter e for our experiments in Table 1 . We find that for the labeled biological samples the exponents were very close to 2, in agreement with the interpretation of our data in terms of a two-photon excitation process. For the optical fiber the exponent was clearly Ͻ2, indicative of a superimposed linear contribution to the TPE optical signal. Although previous observations (Meiners, In the shaded region I, the correlation between fluorescence and topography is inverted with respect to that in region II.
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CW 2-Photon Near-Field Optical Microscopy1997) suggest that the polymeric coating protecting optical fibers is a source of strong UV-excited fluorescence, we do not expect this to have been a major contribution in our case. We would rather attribute the intrinsic fiber fluorescence to impurities in the fiber core and cladding. Although the density of these impurities is probably low, the length of the fiber (ϳ70 cm) can lead to a detectable integrated signal. To account for both linear and nonlinear contributions to the fluorescence signal, a second-order polynomial was fit to the data (instead of the power function of Eq. 1):
where I is the excitation intensity, a is the background signal, bI is the linear contribution including excitation light leaking to the detector, and cI 2 is the second-order nonlinear processes. Permitting both a linear term and a free exponent would lead to an overinterpretation of the data. Fig. 5 shows data corrected for bleaching (see Materials and Methods) and the best fit to the polynomial function. The quality of the fits can be assessed by the normalized residuals and their autocorrelation. In the excitation power range accessible in our experimental setup, the difference between the fits to our data of Eqs. 1 and 2 was smaller than the Poisson noise envelope given by the photon statistics. Thus a preferred function could not be identified.
The contributions of the three terms a, bI, and cI 2 of Eq. 2 to the fit for an excitation intensity of 100 mW are given in Table 1 . As expected from the low exponent of the power function (Eq. 1), we found comparable contributions of the linear and the quadratic terms to the optical signal of the bare optical fiber. In contrast, in the case of the stained samples, the nonlinear term dominated the fluorescence signal, as indicated by an exponent very close to 2 in the power function. It has to be emphasized that although the qualitative behavior of the fluorescence in these experiments was similar, the absolute count rates were not comparable because of the different probes, dye concentrations, and filter combinations.
In the simple model based on a second-order polynomial (Eq. 2), contributions from some processes are not included, which could also account for the small negative count rate in the offset for the DAPI-stained sample (Table 1) . Possible effects include:
Bleaching. We compensated for bleaching partly by alternating the direction in which the power curves were taken, and by the simultaneous global analysis of the data. However, the assumption of a linear time course for bleaching may have been inadequate in some cases.
Temperature dependence of fluorescence quantum yield. Assuming an inverse linear dependence of the emission on the sample temperature, this effect would lead to a thirdorder dependence with a negative coefficient of the TPE fluorescence on the excitation power. Such an effect would contribute to the first-order term in the polynomial function (Eq. 2) or to an exponent of Ͻ2 in the exponential analysis (Eq. 1).
Other higher order nonlinear effects. For example, threephoton absorption would lead to a cubic term in the excitation intensity in the polynomial. z distance/fluorescence intensity curves For confocal microscopy TPE offers an inherent 3D resolving power without the use of a pinhole in front of the detector (Denk et al., 1990) . The corresponding phenomenon in near-field optical microscopy is shown in Fig. 6 , as are the different photobleaching behaviors. The dependence of the fluorescence intensity on the distance between the sample surface and the probe for TPE of DAPI and SPE of TO-PRO-3 is given in Fig. 6, a and b , respectively. The dyes were bound to polytene chromosomes. In Fig. 6 a, 13 approach curves are overlaid to emphasize the lack of photobleaching effects, whereas in Fig. 6 b the first, third, and ninth approaches are depicted, exhibiting clear photobleaching. The solid lines are fits to a double exponential,
where F i is the fluorescence of approach i; z 0 and z 1 represent the global apparent decay lengths of an experiment; and g i , h i , and k i are the amplitudes and offset for approach i.
The double exponential was used to parameterize the overall dependence of the fluorescence on the distance between the fiber probe and the sample, inasmuch as it led to a accurate fit within the limits dictated by the noise envelope; a single exponential failed to describe the data adequately. The decay lengths from the fits are given in Table 2 . They were much smaller for the TPE of DAPI than a, bI, and cI 2 , count rates for 0.1 s with 100 mW excitation power; fits of Eq. 2 were made to the data in Fig. 5 . e, the exponent from fits of the same data to Eq. 1; ͗e͘, mean value for all experiments. for the SPE of TO-PRO-3 fluorescence. That is, the thickness of the surface layer contributing to the fluorescence signal is much smaller in the case of TPE than with SPE. This result has profound implications for the potential uses of TPE-SNOM.
The double-exponential fit also allowed a more detailed analysis of the bleaching in these curves. Whereas no bleaching was observed in TPE of DAPI, the SPE TO-PRO-3 signal decreased dramatically within the first approaches (Fig. 6 b) . The individual amplitudes g i , h i , and k i of the three components are plotted in the inset to Fig. 6 b. Only the component with the short decay length faded away, while the long decay length component and the offset remained approximately constant. We conclude that the fluorescence contributing to the individual terms of the double-exponential curve originated from different physical processes with differential susceptibilities to bleaching.
The background signal levels in the two experiments were also different. For TPE the background level was 1.6 counts/4.1 ms dwell time compared to 61 counts/4.1 ms for SPE. Although the signal levels cannot be compared because of the different filter sets, dyes, and dye concentrations used, it was generally observed that the signal background in TPE experiments was much smaller than for SPE fluorescence. This difference was probably due to fiber fluorescence and Raman scattering in the latter case.
CONCLUSIONS
We have demonstrated that continuous-wave two-photon excitation is feasible in a shared aperture scanning nearfield optical microscope (cw-TPE-SNOM). This mode extends the accessible spectral range to the near-UV and offers dramatically improved signal-to-noise ratios. Furthermore, the thickness of the surface layer contributing to the optical signal is reduced significantly.
Although not yet demonstrated, an improved lateral resolution can be anticipated, owing to the quadratic dependence of the fluorescence on the local excitation intensity. 
